A prospective study was performed to evaluate four culture methods for the diagnosis of bacterial peritonitis in patients on continuous ambulatory peritoneal dialysis. Peritonitis was present in 44 of 85 patient admissions (52%). The overall sensitivity of the culture methods in detecting peritonitis was 66%. The sensitivities of the individual methods were as follows: bag culture method, 61%; blood culture broth method, 51%; filter method, 54%; and plate method, 39%. Our broad definition of peritonitis resulted in lower sensitivities. A combination of the bag and blood culture broth methods detected all positive cultures.
A prospective study was performed to evaluate four culture methods for the diagnosis of bacterial peritonitis in patients on continuous ambulatory peritoneal dialysis. Peritonitis was present in 44 of 85 patient admissions (52%). The overall sensitivity of the culture methods in detecting peritonitis was 66%. The sensitivities of the individual methods were as follows: bag culture method, 61%; blood culture broth method, 51%; filter method, 54%; and plate method, 39%. Our broad definition of peritonitis resulted in lower sensitivities. A combination of the bag and blood culture broth methods detected all positive cultures.
Continuous ambulatory peritoneal dialysis (CAPD) was introduced by Popovich and colleagues in 1976 (6) . For patients previously on hemodialysis, CAPD has offered many of them an improvement in the quality of life.
Peritonitis is still the most frequent complication of CAPD, although its incidence has declined since the initial work of Popovich and colleagues (6) . The current incidence is estimated at one episode per patient year (9) . The decrease can be attributed to the use of plastic dialysis bags, technological advances in the design of catheters and connectors, continuing education on aseptic techniques, and patient motivation (3, (7) (8) (9) . The majority of cases of peritonitis are caused by bacteria (3) . This study was undertaken to evaluate four culture methods for the diagnosis of bacterial peritonitis in patients on CAPD.
(These data were presented in part at the 27th Interscience Conference on Antimicrobial Agents Peritonitis was defined as one or more of the following: (i) clinical signs (abdominal pain, tenderness, and/or fever); (ii) cloudy dialysate; and (iii) leukocyte count of >100/mm3 in the dialysate. Patients without peritonitis, as defined above, served as controls.
The dialysis bag was gently mixed in the laboratory, and the volume and gross appearance were recorded. Fluid was removed from the bag aseptically through the needle port with a syringe. Ten milliliters was sent to the hematology department for leukocyte count determination. The following methods were used in setting up the cultures. (i) A total of 5 ml from the dialysis bag was inoculated into one BACTEC blood culture bottle (Johnston Laboratories, Inc., Towson, Md.). The BACTEC bottle used depended on the availability of medium and was one of the following: 6B * Corresponding author.
(aerobic), 8B hypertonicc), or 16B (resin). We did not take the type of bottle into account when the data were analyzed. This method is referred to as the blood culture (BC) broth method.
(ii) A total of 5 to 10 ml from the dialysis bag was then centrifuged at 2,500 rpm for 10 min (Silencer; Western Scientific, Richmond, British Columbia, Canada) and Gram stained, and the sediment was cultured onto plated medium. This method is referred to as the plate method.
For the aerobic culture plate method, the sediment was plated onto a blood agar plate, a MacConkey plate, and a chocolate plate. For the anaerobic culture plate method, the sediment was plated onto a blood agar plate and a colistinnalidixic acid plate.
(iii) A total of 100 ml of fluid was removed aseptically, and as much as possible was filtered through a 0.45-p.m-pore-size analytical filter unit (type A 130-4045; Sybron Corp.). The filter was cultured sludge side up on a blood agar plate.
(iv) The remaining fluid in the dialysis bag was processed in a laminar flow cabinet as follows. The bag was bled down to 1,000 ml if there was >1,000 ml present. Brain heart infusion broth that was concentrated 10 times was added to the bag with a 100-ml glass syringe, at a ratio of 1 ml of brain heart infusion broth to 10 ml of dialysate. This modification of the total volume culture technique described by Dawson et al. (2) is referred to here as the bag culture method.
Plates were incubated at 35°C for 48 h, with the aerobic plates placed in 5% C02 and the anaerobic plates placed in an anaerobic jar. The dialysis bag, BC broth, and the filter were incubated for 5 days at 350C in 5% C02. The BC broth samples were analyzed radiometrically. BC broth and bag cultures were subcultured if they were cloudy. Terminal subcultures were performed on the BC broth and bag cultures. Organisms were identified and susceptibilities were determined by standard methods (4) .
Results were coded by one of the investigators and analyzed by using the computer program SPSX on a mainframe computer. The sensitivity, specificity, positive and negative predictive values, and prevalance were determined by the calculations given in footnote a of Table 1 by using peritonitis (as defined above) as the "gold standard" (12) . Differences in culture methods were analyzed statistically for individual organism groups by using the Fisher exact probability two-tail test. Data from the plate method were further DIAGNOSIS OF PERITONITIS IN PATIENTS ON CAPD Table 3 demonstrates the number of concordant positive cultures. The BC broth method had the highest number of positive cultures at 24 (30%), while the bag method had the highest rate of positive cultures at 37%. All cultures positive on the anaerobic plates also grew on the aerobic plates. Therefore, the aerobic plate data also reflect results for the plate method overall.
All the organisms that were isolated were placed in groups (Table 4 ). There were 43 isolates from the 34 positive specimens. Some specimens were not processed by all four methods. By using the Fisher exact probability two-tail test, it was found that Streptococcus spp. were isolated by the bag culture method significantly more often than by the plate method (P < 0.05). The BC broth method appeared to be better than the other methods for isolating members of the family Enterobacteriaceae, but the difference was not significant. All other differences between methods were not significant.
In specimens from patients with peritonitis for which all culture methods were performed, there were five cases in which organisms were isolated by only one method. The bag culture isolated Streptococcusfaecalis twice and Pseudomonas vesicularis once. The BC broth method identified one Six patients with peritonitis were on antimicrobial therapy at the time that specimens were taken. Specimens from two of these patients were culture negative and were mentioned above. The culture of a specimen from one patient grew an Acinetobacter sp. in the aerobic plates, bag, and filter, despite receiving 1 day of appropriate therapy (tobramycin); the culture grown by the BC broth method and the anaerobic plates were negative. Cultures of specimens from three patients grew organisms that were resistant to the therapy that they were receiving.
DISCUSSION
In this study we used a modification of the total volume culture technique described by Dawson et al. (2) . We did not use thioglycolate broth because of the low yield of anaerobic organisms in their study (2) and in our own previous results at St. Paul's Hospital (data not shown). Dawson et al. (2) added broth via blood transfer bags. We found that these bags were difficult to obtain and awkward to use. We used a 100-ml glass syringe. We also standardized the addition of the concentrated brain heart infusion broth to dialysate at a ratio of 1/10 ml, and this improved our yield on culture in preliminary investigations. Dawson et al. (2) found the bag culture method to be sensitive. We confirmed their findings and also compared them with other methods.
Studies have been performed by various methods to increase the sensitivity of the culture for samples from patients on CAPD. These methods have included filtration, centrifugation, disruption of phagocytes, and the inoculation of blood culture and thioglycolate broths (5, 10, 11, 13, 14) . These studies have shown similar isolation rates of individual organisms as we have. Ryan and Fessia (11) recently found the Septi-Chek system (Roche Diagnostics, Div. Hoffmann-La Roche Inc., Nutley, N.J.) to be an effective method, and we are evaluating this system in our laboratory.
In this study we evaluated four culture methods in the diagnosis of bacterial peritonitis in patients on CAPD. Using the definition of peritonitis given above as the "gold standard," our overall sensitivity was 66%.
If one considers only the two patients with presumed bacterial peritonitis, who responded clinically to empiric antimicrobial therapy, and the patient with tuberculous peritonitis as false-negative cultures, then the sensitivity is 91%. In the seven culture-negative patients with positive dialysate findings and no physical signs of peritonitis, the dialysate returned to normal without therapy. We did not perform eosinophil counts on these specimens to detect eosinophilic peritonitis (1) . These 
